Objective. This study examined the association between presence of e-cigarette specialty retailers near schools and e-cigarette use among middle and high school students in Orange County (OC), CA.
Introduction
Electronic cigarette (e-cigarette) use is increasing rapidly among U.S. adolescents, and is now more common among middle and high school students than conventional (combustible tobacco) cigarettes and other tobacco products (Arrazola et al., 2015; Singh et al., 2016b) . Concurrently, there is increasing school-level clustering of e-cigarette use behaviors (Corsi and Lippert, 2016) , suggesting that certain school environments facilitate e-cigarette use. One potential influence is the retail environment surrounding schools (Sanders-Jackson et al., 2015) , which previous research has shown to be associated with other individual health behaviors, such as cigarette smoking or alcohol use (Braveman et al., 2011; West et al., 2010) . Some studies have found that having more tobacco and alcohol retailers in proximity to schools and defined neighborhoods, whether proximity is defined by density or shortest distance to nearest retailer, is associated with use of those substances by students and neighborhood residents (Cederbaum et al., 2015; McCarthy et al., 2009; Young-Wolff et al., 2014 ). Yet no studies to date have examined whether the e-cigarette specialty retail environment is associated with e-cigarette use. Considering the increase in youth e-cigarette use (Arrazola et al., 2015) , evaluating possible environmental factors influencing e-cigarette use among adolescents is an important area of research.
Despite on-going debates about the harms and benefits of e-cigarettes (Leventhal et al., 2015; Levy et al., 2016; Pisinger, 2014) , use has been increasing among adolescents. In 2013, 1% of middle school students and 4.5% of high school students nationally had used e-cigarettes in the past 30 days; by 2015, the rates had more than tripled to 5.3% for middle and 16% for high school students (Singh et al., 2016b) . Individual predictors associated with lifetime e-cigarette use (ever trying e-cigarettes) include being male, older, or a tobacco user (for review, see Carroll Chapman and Wu, 2014) . Findings on racial/ethnic differences in adolescent use vary by geographic location and over time, with recent national studies finding inconsistent effects, including a study showing no difference between Hispanics and Whites in odds of ever using ecigarettes but both exceeding the prevalence observed among non-Hispanic blacks (Singh et al., 2016b) , a study in Connecticut finding higher rates of use among Whites (Krishnan-Sarin et al., 2015) , and a study in California finding higher rates of use among Hispanics (Bostean et al., 2015) . More research is needed to understand the socio-demographic, behavioral, and environmental correlates of e-cigarette use among adolescents in varying geographic locations across the U.S.
The retail environment is recognized as an important social determinant of health (Braveman et al., 2011; Marmot and Wilkinson, 1999 ; U.S. Department of Health and Human Services, 2015) , influences various individual health behaviors (Hoek et al., 2010; Hsu et al., 2013; Story et al., 2008; Young-Wolff et al., 2014) . According to ecological models (Sallis et al., 2008; Stokols, 1992; Wilcox, 2003) , as part of the physical environment, retail environment may influence individual cognitions about health behaviors including knowledge, attitudes, preferences, and values (Story et al., 2008) . Specifically, greater presence of retailers may influence adolescent health behaviors, including e-cigarette use, in several ways. First, retailer presence near schools increases visibility and awareness about the product, modeling and observation, perceived access (Lipperman-Kreda et al., 2016) , and perceptions about substance use (Loomis et al., 2013; Milam et al., 2013) , as recent studies have noted (Giovenco et al., 2016) . Second, it may increase actual access to the product. For example, adolescents who know of a hookah (tobacco waterpipe) lounge in their community are more likely to have used hookah (Smith et al., 2011) , and those with greater density of tobacco retailers near their home have greater intentions to smoke, and thereby greater likelihood of future smoking (Mennis et al., 2016) . Third, presence of a specialty retailer near a school may increase students' exposure to promotional materials (e.g., product advertisements), which previous studies have found is correlated with higher odds of vaping (Agaku and Ayo-Yusuf, 2014; Singh et al., 2016a) , and causally linked with tobacco use (DiFranza et al., 2006) , including smoking initiation (Henriksen et al., 2010) , and with higher odds of adolescent alcohol consumption (Hurtz et al., 2007) .
Therefore, regardless of whether students are purchasing e-cigarettes from those particular retailers, the presence of retailers near schools may increase experimentation or use.
Empirical studies have found mixed support for the notion that retailer presence in proximity to schools can influence youth substance use, with effects varying based on the retail environment measure (retailer proximity or density), behavior (experimentation versus longer term use), and student grade level. For tobacco use, the proximity of tobacco retailers to an individuals' school or home is associated with tobacco use behaviors (Henriksen et al., 2008; Johns et al., 2013; Reitzel et al., 2011; West et al., 2010; Young-Wolff et al., 2014) . Adolescents are more likely to experiment with or use tobacco when there are a greater number of tobacco retailers within walking distance of their homes or schools (Lipperman-Kreda et al., 2012; McCarthy et al., 2009; Paynter and Edwards, 2009; West et al., 2010) . A California study of tobacco retailers found higher lifetime cigarette smoking was associated with greater city-based tobacco outlet density (Lipperman-Kreda et al., 2016) . Yet some previous studies found that retailer density was associated with tobacco lifetime use but not current smoking (Adams et al., 2013) , or with experimentation but not with being an established smoker (McCarthy et al., 2009 ).
Moreover, the tobacco retail environment may differentially influence middle versus high school students, although the direction of the association is unclear. The transition from elementary to middle school is a period when adolescents are particularly prone to experimenting with substances (Eaton et al., 2012) , therefore the tobacco retail environment may be particularly influential among younger adolescents, who are at an age when experimentation with substances including tobacco and alcohol increases sharply (Chen and Jacobson, 2012) . A recent California longitudinal telephone survey study of youth found a greater effect of tobacco retailer density at earlier study waves, when respondents were 13-16 years old (Lipperman-Kreda et al., 2016) , and no effect at the third wave, when respondents were 15-18 years old, suggesting that retail environment may be more influential among younger students. Yet other studies found an effect of tobacco retailer presence only among high school students, but not middle school (McCarthy et al., 2009) , and some studies examined only one of these school levels (Henriksen et al., 2008) .
Considering the processes driving the association between retail environment may differ for middle and high schools students, these groups should be examined separately.
This study aimed to extend existing literature by examining whether e-cigarette retailer presence near schools is associated with adolescent e-cigarette use, and whether the effect varies for middle school versus high school students. We examined data from Orange County (OC), an ethnically and socioeconomically diverse California county. One-third of OC students have tried e-cigarettes, which is twice as many as have tried conventional cigarettes (WestEd Health & Human Development Program for the California Department of Education, 2013 Education, -2014 . Prior to 2016, OC localities had few tobacco control regulations or e-cigarette regulations beyond the state law prohibiting the sale of e-cigarettes to minors (American Lung Association in California, 2014). E-cigarettes are sold by various retailers, such as liquor stores, convenience stores, and gas stations, and even on the internet, despite age restrictions . However, this study focused on e-cigarette specialty stores (also called "vape stores") because we were interested in the increasing visibility and number of OC e-cigarette retailers in the physical retail environment.
To examine our research question, we combined survey data on individual-level ecigarette use among OC middle and high school students, with location data for all e-cigarettespecific retailers in OC. We used Geographic Information Systems (GIS) and multilevel regression to examine whether adolescents who attend schools with at least one e-cigarette retailer in close proximity to schools are more likely to use e-cigarettes than students in schools with no retailers nearby. Our approach permitted us to examine how school-level factors, particularly presence of retailers near the school, are related to individual behaviors, while accounting for clustering of individuals within schools (Raudenbush and Bryk, 2002) . We examined retailer presence near schools rather than retailer density, common in the tobacco literature, because there are a relatively smaller number of e-cigarette specialty retailers than tobacco retailers. We also included individual level factors known to be associated with ecigarette use (gender, race-ethnicity, cigarette smoking and other substance use), as well as parental education, and school-level socio-economic status. We stratified our sample by middle school versus high school to examine whether retailer presence has a differential effect, considering prior research suggesting different processes for these groups (Forza et al., 2012) , consistent with federally-supported surveillance reporting practice (Johnston et al., 2004; Singh et al., 2016b) and following prior tobacco retail environment studies (Krishnan-Sarin et al., 2015; McCarthy et al., 2009 ). Based on previous literature, we hypothesized that presence of ecigarette retailers in proximity to schools would be associated with higher odds of students ever using e-cigarettes, adjusting for individual sociodemographic and behavioral risk factors and school-level socio-economic status (SES). We expected this association to be stronger for middle school than for high school students based on previous research showing that younger students may be more influenced by the retail environment (Lipperman-Kreda et al., 2014) , and because high school students' greater access to cars may make them less dependent on e-cigarette specialty retailers close to their school.
Methods

Data & Sample
Student-level data came from the 2013-2014 California Healthy Kids Survey, the largest statewide school survey of risky behaviors in the US. The survey is conducted by WestEd, under contract to the California Department of Education (CDE). WestEd is a nonprofit educational research and development agency (Austin et al., 2013) . The survey was designed to be administered at least once every two years to middle school and high school students, grades 7, 9 and 11, attending California public schools and to provide each district with a representative tobacco use profile of its students. School staff administered the survey using detailed instructions provided by WestEd. Participation was voluntary, anonymous, and confidential, and parental consent was obtained. For this study, all respondents attended OC public middle or high schools (including charter schools, excluding continuation and other non-traditional schools) in grades 7, 9, and 11. We excluded 2,621 respondents with missing data on key variables; this represented 3.7% of the sample, which is below the recommended 5% threshold for imputation (Tabachnick and Fidell, 2007) . The final analytic sample consisted of 67,701 respondents in 130 schools.
For the school-level data, we compiled addresses for e-cigarette retailers in OC using a systematic internet search conducted during September 2014-March 2015 (as part of the Orange County E-cigarette Retailer Study). This online search methodology has been reported to be a valid and useful method by which to identify e-cigarette retailers in areas where there is no systematic licensure (Kim et al., 2016) . Using search engines including Google, Yelp, and Yellowpages, three trained researchers conducted searches using the terms: "Orange County"
and "electronic cigarettes," "e-cigarettes," or "vape." This search yielded 174 locations. We then limited results to retailers confirmed to be open for business during the survey period (September 2013 to June 2014); this information was ascertained by calling the retailer or through internet searches (e.g., examining the date of Yelp reviews documenting that the location is permanently closed, examining other websites with business license information). In all, we documented 148 e-cigarette-specific retailers in OC that were open during the survey period. A stratified random sample of 36 retailers were visited for ground truthing. Finally, we obtained addresses for all public middle and high schools (excluding continuation and non-traditional schools), and information about students' free/reduced price lunch program participation for each school, from the CDE (California Department of Education, 2016a, b).
Dependent variables
Lifetime e-cigarette use was defined as self-reported use of e-cigarettes one or more times in one's life. Current use was defined as self-reported use of e-cigarettes one or more times in the past 30 days.
Key independent variable
Because we examined e-cigarette specialty stores, the number of retailers in proximity to schools was small (range 0-2 for whole sample, but no middle schools had 2 nearby); thus we dichotomized the retailer density measure to indicate presence or absence of an e-cig specialty store proximal to a school. E-cigarette retailer presence was defined for each school as the presence of one or more e-cigarette-specific retailers within ¼ mile radius, which is often used in studies of retailer proximity for urban areas (Cederbaum et al., 2015; Simon et al., 2008; West et al., 2010) ; it is approximately the distance walked in 5 minutes, assuming a walking speed of 3.4 miles per hour. Students are more likely to walk to school if they live within this distance; a recent study found that 60% of children in the Los Angeles metropolitan area walk to school if they live less than ¼ mile away (Sidharthan et al., 2011) . We also conducted sensitivity analyses (results available upon request) with buffers at the half-mile and one-mile distance and results were non-significant, but in the same direction as found with the ¼-mile buffer.
To create this measure, the addresses of schools and e-cigarette retailers were geocoded using ArcMap 10.3 (ESRI, 2015) . Buffer analysis was used to determine the number of ecigarette retailers located within one-quarter mile radius of each school. The buffer was defined using straight-line distance from the geocoded point, usually the school entrance. Sensitivity analyses examined a network buffer along roads, but found this approach excluded areas potentially accessible by foot because it did not account for the possibility of students exiting the school from points other than the front entrance; thus this approach yielded an undercount of accessible retailers.
Covariates
At the school-level, we controlled for Free/reduced price lunch program eligibility (FRLP) for the 2013-2014 academic year. This measure represents the percentage of K-12 students in a school who are eligible for the free or reduced price lunch program and is commonly used as a proxy for school-level SES (Pentz et al., 2015) .
We controlled for the following individual-level measures: gender; race-ethnicity (nonHispanic White = reference; Hispanic; Black; Asian; Other); parent's education (less than college = reference; college graduate; don't know/missing). To avoid excluding the 20% of students with missing information on parent's education, "missing/don't know" was included as a category. We also controlled for several self-reported behavioral risk factors: Tobacco ever use assessed whether the student had ever smoked conventional cigarettes or used smokeless tobacco (yes/no); Alcohol ever use indicated whether the respondent had ever had a full alcoholic drink (yes/no); Marijuana ever use indicated whether the respondent had ever tried marijuana (yes/no).
Statistical Analyses
Analyses were conducted using Stata version 13 (StataCorp LP, 2015) . We summarized the individual-level characteristics, for the overall sample and separately for middle and high school students, and the school-level characteristics. Next, we compared the sociodemographic characteristics of e-cigarette users (lifetime and past 30 day use), testing for statistically significant differences using bivariate multilevel regressions for each variable. Lastly, we fit multivariable multilevel logistic regression models separately for middle school and high school students. These models estimated the odds ratios of e-cigarette use controlling for individual-and school-level covariates. We accounted for clustering of responses within schools by including random intercepts for schools.
Results
Table 1 presents the sample characteristics. Among middle school (7 th grade) students, rates of ecigarette use were 13.4% for lifetime use and 7.6% for current use. In terms of behavioral risk factors, alcohol use was the most common, with 12% of middle school students having ever drunk alcohol, compared to 6.8% who had ever used marijuana and 5.2% who had ever used tobacco. The sample had slightly more females (51%) than males (49%), more Hispanic origin (47.6%) than White (17.4%) or Asian (17.9%); 39.4% reported parental education as being college or higher. In terms of school-level characteristics, 3.9% of middle schools had at least one specialty e-cigarette retailer within ¼ mile, and the average school-level percent of students eligible for FRLP was 52.6% in middle schools.
Among high school (9 th and 11 th grade) students, e-cigarette use rates were 27.5% and 13.7% for lifetime and current use, respectively. Rates of other behavioral risk factors were higher compared to middle school students, with 36.9% of high school students having ever had one full alcoholic drink, 24.8% having used marijuana, and 15.2% having ever used combustible tobacco. Socio-demographic characteristics were similar to middle school students, with slightly more females than males (51.4%), a substantial proportion of Hispanic students (46%), and approximately 45.1% reporting parental education of college or higher. In terms of school-level characteristics, 9.4% of high schools had at least one specialty e-cigarette retailer within ¼ mile, and the average school-level percent of students eligible for FRLP was 47.6%. Among high school students, the difference in prevalence by retailer presence was not statistically significant-31% versus 27.1% for lifetime use and 14.4% vs. 13.7% for current use.
In contrast to middle school students, among high school students males had significantly higher rates of use than females (15.1% vs. 12.5%). Similar to middle school students, e-cigarette users were generally more likely to be Hispanic, with parental education less than college, and had higher rates of combustible tobacco, alcohol, and marijuana use than non-users. Students whose parents had less than a college education had higher odds of lifetime use (OR = 1.44, CI = 1.24, 1.66). The largest associations with e-cigarette use were for other behavioral risk factors. Tobacco users had nearly 7 times higher odds of having ever used e-cigarettes, marijuana users 8 times, and alcohol users nearly 6 times the odds compared to their peers who had never used the respective substance. Overall, these findings support our main study hypothesis among middle school students for lifetime e-cigarette use, net of individual and school-level correlates of use.
By contrast, for high school students, neither retailer presence nor school-level FRLP eligibility were significantly associated with lifetime e-cigarette use. Socio-demographic patterns of e-cigarette use were similar to middle school students, with the exception of fewer racial/ethnic differences-only Asians differed significantly from Whites in their odds of use (OR = .69, CI = .62, .77). The behavioral risk factors were also strong predictors of use among high school students, with approximately 5 times greater odds of use among users of each substance. Finally, the intraclass correlation for both the middle and high school models revealed that, conditional on the fixed-effects covariates, there is significant unexplained clustering of lifetime e-cigarette use within schools. Among high school students, as for middle school, retailer presence was not a significant predictor of current e-cigarette use. In contrast to middle schools, a higher percent of students eligible for FRLP was associated with lower odds of use (OR = 0.65, CI = 0.48, 0.88) in high schools. Females had significantly lower odds of current use than males, Asians had lower odds of use than Whites, and those whose parents have lower education had higher odds of use.
Behavioral risk factors all were significantly associated with higher odds of current use. As with lifetime use, there was significant unexplained clustering of current e-cigarette use within middle and high schools after accounting for variation explained by the fixed effects.
Sensitivity analyses were conducted to further examine current use, and whether greater distance from schools also predicted use. We examined past 30 day use of e-cigarettes on the subset of students who reported ever use, but these conditional results were unreliable due to the low exposure and current use; the effect of retailer presence remained non-significant. We also buffers at the half-mile and one-mile distance and results were non-significant, but in the same direction (see Table 2 in (Bostean et al., Submitted) ).
Discussion
This study documents how the retail environment-specifically, e-cigarette specialty retailer presence near schools-is associated with student e-cigarette use, beyond variance explained by individual and other school-level risk and protective factors. Overall, results reveal both individual and school-level factors to be associated with e-cigarette use among adolescents, and that predictors of e-cigarette use vary for middle versus high school students. Results provide some support for the hypothesis that presence of an e-cigarette retailer near school is associated with ever trying e-cigarettes among middle school students. Although the effects of individual sociodemographic characteristics on e-cigarette use are stronger, retailer presence is associated with greater odds of use of e-cigarettes even when controlling for combustible tobacco and other substance use. Several results have particularly important public health implications.
Our main finding is that presence of a specialty e-cigarette retailer near a middle school is associated with increased likelihood of lifetime e-cigarette use among its students. The fact that we controlled for several individual-level correlates of use including other substance use and parents' education, as well as school-level socio-economic status, bolsters confidence in this result. This finding is particularly noteworthy considering we focused on e-cigarette specialty retailers. Despite the fact that e-cigarettes can be purchased online and from other retailers, such as gas stations, we found a positive association of vape store presence with lifetime e-cigarette use. A plausible explanation for this association, based on tobacco retailer studies (Loomis et al., 2013) , is that these specialty retailers increase visibility in addition to increasing access, potentially increasing awareness of and favorable perceptions about e-cigarette use. Future research can explore additional factors contributing to within-school clustering of e-cigarette use behaviors (Corsi and Lippert, 2016) , such as, for example, perceptions about e-cigarette norms and harms.
The non-significant findings for current e-cigarette use and for high school students are consistent with some previous research. The fact that retailer presence was a significant predictor only of lifetime use of e-cigarettes by middle school students, but not current use, is consistent with previous tobacco studies ( Adams et al., 2013; McCarthy et al., 2009 ). Previous studies found that tobacco retailer density was associated with experimentation (McCarthy et al., 2009) , which is common around the time of the transition from middle to high school (Eaton et al., 2012) . Moreover, the lack of association among high school students may also be related to experimentation. These results suggest that retailer presence may matter more for experimentation among younger students, which recent studies have found to be true for the combustible tobacco retail environment (Lipperman-Kreda et al., 2016) . As others have pointed out, not all adolescents who experiment go on to become long term users, however, experimentation is a necessary step to longer term use (Pierce et al., 1998) . As a possible entry point to use of combustible tobacco products (Leventhal et al., 2015) , influential factors in ecigarette experimentation need to be better understood if prevention is to be effective.
Another important finding is that our prevalence estimates of e-cigarette use are high compared to much of the literature. In our sample of OC students, 27.5% of high school students had ever tried e-cigarettes, compared to an estimated 13.4% nationally for approximately the same period (Arrazola et al., 2015) . Our estimates are close to those from a study conducted in
Hawaii in 2013 that reported 29% of high school students having ever tried an e-cigarette (Wills et al., 2015) , which appears to be the highest reported to date. Our middle school (7 th grade)
estimates of lifetime use (13.4%) are also substantially higher than the national estimate of 3.9% (Arrazola et al., 2015) , and slightly higher than estimates from a southern California study of 7 th graders in two school districts that found 11% of students had ever tried e-cigarettes (Pentz et al., 2015) . The higher rates of e-cigarette use reported here compared with studies from other states and national studies may be due to geographic/regional differences in e-cigarette use or may be due to regional differences in retail environments, policy environment, or sample composition (Orange County has more non-White students than other regional studies).
Our findings also illuminate racial and ethnic differences in e-cigarette use among adolescents. In this study, Hispanic middle school students are more likely than their White counterparts to use e-cigarettes. These results are similar to those of the National Youth Tobacco Survey, which found that among high school students, the rates of current e-cigarette use among White and Hispanic students are approximately the same, but that among middle school students, rates of current e-cigarette use are higher among Hispanic compared to White adolescents (Arrazola et al., 2015; Singh et al., 2016b) . Controlling for sociodemographic and behavioral risk factors, Hispanic 7 th grade students were more likely than White students to use e-cigarettes.
These findings stand in contrast to studies in other states finding higher rates of use among White adolescents (Krishnan-Sarin et al., 2015) , highlighting the importance of regional environment and context for shaping health behaviors.
These findings should be interpreted in the context of several limitations. First, results are associational rather than causal, as they are for all cross-sectional studies. Future studies may explore the pathways linking retailer presence and e-cigarette use among middle school students, such as awareness about e-cigarettes, perceptions about social acceptability and safety, and whether students purchase e-cigarettes preferentially from local retailers. Second, the strength of our main finding is limited considering the low rates of exposure to retailers in this county-level study. Additionally, the data are for grades 7, 9, and 11, which does not allow us to assess more nuanced differences across the middle and high school years. Given the sample ethnic composition from a diverse California county, the results are not generalizable to all students nationally. We were unable to conduct this study beyond only one county due to the high cost of identifying e-cigarette retailers (compared to alcohol and tobacco retailers, which in theory can be identified exhaustively using state licenses). Future studies should extend the spatial study of retailer proximity to other contexts outside of southern California, and examine the effect of retailer presence on frequency of e-cigarette use in order to distinguish between experimenters and longer-term users. Despite these limitations, the study strengths include the use of recent survey data from a large, diverse sample, and being among the first studies to document how ecigarette specialty retailer locations are associated with student use.
This study provided preliminary evidence that the e-cigarette retail environment influences this health behavior in middle school students. As Smedley and Amaro (Smedley and Amaro, 2016) argue, research is needed to build a science base on how to effectively address the social determinants of health to improve population health through place-based interventions.
Health promotion programs, such as Healthy People 2020 (U.S. Department of Health and Human Services, 2015) , that aim to create environments that discourage unhealthy behaviors may consider the impact of the e-cigarette retail environment. In the case of e-cigarettes, the presence of a retailer is associated with use among middle school students, who are at a developmental stage associated with increased experimentation with substances; studies are needed to understand the effects of policy regulation on e-cigarette use among adolescents. One policy approach that may reduce youth e-cigarette uptake that has been used to protect students from tobacco use and alcohol use is to require that new e-cigarette retailers be located a minimum distance from schools (Ashe et al., 2003; Wooten et al., 2013) . Application of the precautionary principle suggests that e-cigarette retailer proximity should be considered as a potential environmental risk factor for this health behavior, one that is modifiable through restrictive zoning designed to reduce adolescent vulnerability to e-cigarette marketing. Notes: Odds ratios derivd from multilevel logistic regressions (full model shown). Middle school includes grade 7, high school includes grades 9 and 11. a Lifetime use is defined as having ever tried an e-cigarette.
b Retailer presence was defined as the presence of at least one e-cigarette retailer within 1/4 mile of school.
c % of students within school eligible for free/reduced price lunch program (FRLP). Notes: Odds ratios derivd from multilevel logistic regressions (full model shown). Middle school includes grade 7, high school includes grades 9 and 11. a Current use is defined as having used an ecigarette in the past 30 days.
c % of students within school eligible for free/reduced price lunch program (FRLP).
